INTRODUCTION
Universal access to health care has become increasing restricted, even though it is set as one of the major objectives of the National Health System. Factors influencing the healthcare accessibility include health care system, ability to pay for medical expenses, regional distribution of doctors, socioeconomic status, inequity of examination, and waiting time to for surgery 13) . Of them, the uneven geographic distribution of doctors has been identified as a contributing factor to health inequities. Almost all Organization for Economic Cooperation and Development (OECD) countries face an uneven geographical distribution of doctors 16) . In order to maintain and improve the health of the people, healthcare manpower and facilities should meet the social and economic conditions of local residents to balance demand and supply. Medical resources should be deployed to where all citizens can access them quickly and easily. Although the distribution problem of medical resources could be considered as an unimportant problem due to the development of traffic and roads, much of the neurosurgical area is often an interpersonal service that cannot be delayed. Spatial and temporal access is chiefly important because the lack of medical resources reduces the accessibility of residents' access to neurosurgical care. In particular, the accessibility of neurosurgeons in neurosurgical emergencies, such as trauma or vascular, is of utmost importance 12) . The aim of this study is to assess the actual geometrical distribution of neurosurgeons across Korea and to identify possible problem that may arise from such distribution trait.
MATERIALS AND METHODS

Neurosurgeon data
Data on the number of doctors and neurosurgeons in each country unit was obtained from records of the National Health Insurance Service, Ministry for Health, Welfare and Family Affairs. Neurosurgeon and doctor density was defined as the number of neurosurgeons and doctors, per 100000 individuals at county level, respectively. Population data was obtained from the Population Census Division of National Statistical Office.
Geographic classification
Municipalities consist of three types of geographic groups : metropolitan cities, non-metropolitan cities, and rural areas. We classified geographic groups according to the Korean Ministry of Security and Public Administration. Seven metropolitan cities include Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan, each with population size exceeding 1000000 inhabitants. Non-metropolitan cities (shi) were defined as other cities, with population size exceeding 50000 people. Rural areas include towns and villages (gun), with population size less than 50000 people. The current official county units are 163, including 7 metropolitan cities, 78 non-metropolitan cities, and 78 rural areas. We analyzed a total of 162 county units comprised of 7 metropolitan cities, 78 non-metropolitan cities, and 77 rural areas, ref lecting the change of administrative district.
Healthcare environment data
Using publicly available data from the National Statistical Office, the trends in the four major emergent diseases in the neurosurgical field were analyzed : cerebral infarction, intracerebral hemorrhage, subarachnoid hemorrhage, and traumatic brain injury.
Statistical analysis
The number of doctors and neurosurgeons per 100000 populations in each county unit was calculated using a total number of doctors and neurosurgeons at the county level from 2009 to 2015. Maps were generated using X-Ray Map for Web GIS software (http://biz-gis.com/XRayMap; BIZ-GIS, Seoul, Korea). The level of neurosurgeon density was classified as 0 to 2, 2 to 4, 4 to 6 and greater than 6 neurosurgeons per 100000 populations in one map. The level of doctor density was classified as 0 to 80, 80 to 120, 120 to 160, 160 to 200, and greater than 200 doctors per 100000 populations in another map. Total production sum of each country unit and individual income data were obtained from the Survey Management Bureau of National Statistical Office.
RESULTS
General trends
Between 2009 and 2015, the number of doctors increased from 86761 to 95076, and the ratio of doctors per 100000 populations increased from 159 to 185. In the same period, the number of neurosurgeons increased from 2002 to 2557, and the ratio of neurosurgeons per 100000 populations increased from 4.02 to 4.96 (Table 1) . Table 2 A B sity was more affected by country unit characteristics (p=0.000) than year (p=0.834) ( Table 4) . Fig. 2 reveals the neurosurgeon density by region. In SeoulGyeonggi province, as of 2015, only 4 of 34 regions were in short-supply, with less than 2 neurosurgeons per 100000 populations. Guri, Dongducheon, and Seongnam were in over-supply, with more than 6 neurosurgeons per 100000 populations. In Seoul, the number of neurosurgeons per 100000 populations increased rapidly from 4.5 in 2009 to 5.75 in 2015, and is expected to become in over-supply in the near future. In Gangwon area, 6 out of 18 areas were in short-supply, and there was no neurosurgeon in these areas. On the other hand, other 5 regions were in over-supply of neurosurgeon with more than 6. It is believed that the number of neu- rosurgeons serving in military surveillance was reflected in these regions as over-supplied. In Chungcheong province, 7 out of 28 districts were in short-supply, and 2 cities were in over-supply with more than 6 neurosurgeons per 100000 populations. In Daegu-Gyeongbuk province, 7 of 24 areas were in short-supply, and there was no neurosurgeon in 6 of them. However, other 7 cities including Daegu and Pohang were in over-supply. The regional variation was large. In BusanGyeongnam area, 5 out of 20 areas were in short-supply, while 2 cities (Jinju and Tongyeong) were in over-supply of neurosurgeon. The remaining areas had relatively even distribution of neurosurgeons. In Jeonbuk, only one area was in short-supply, while 5 areas were in over-supply. In Jeonnam, 8 out of 23 districts were in short-supply, while other 8 areas were over-supplied, showing a regional variation. This uneven distribution of neurosurgeons seems to be influenced by the fact that the highgrade, big-sized hospitals that operate the neurosurgery department continue to be concentrated in urban area ( Table 5) .
Regional distribution of the neurosurgeons
Trends of neurosurgical diseases
To estimate the demand for emergency disease treatment in neurosurgical field, recent trends in insurance claims of cerebral infarction, traumatic brain injury, intracerebral hemorrhage, and subarachnoid hemorrhage were reviewed (Fig. 3) . 
DISCUSSION
The two most important factors in terms of accessibility of medical resources are that there should be a sufficient number of doctors and the doctors should be evenly distributed throughout the area. Doctor shortages in certain areas increase unmet medical demand by increasing the patients' travel and waiting time. Access to healthcare resources has some impact on local disease outcomes, because medical resources increase treatment opportunities for inhabitants. Municipal districts with a lot of medical supply per population show low total mortality, cancer mortality, and mortality due to cardiovascular diseases 18, 19) . According to the report on the case of regional stroke centers and the difference in stroke mortality rates, published by the Stroke Society of Korea in 2015 10) , about 60% of the stroke centers were concentrated in Seoul, Gyeonggi, and other metropolitan cities, while other areas including Ulsan, Gyeongbuk, and Chungnam have less than one. This shows serious regional disparities. The stroke mortality rate also showed an evident regional difference. When analyzed the average stroke mortality rates for the 3 years (2011-2013), the difference between the lowest and highest mortality rate region was 1.6 times.
For this reason, there are opinions that the number of medical students should be increased. Those who support this opinion argue that the regional imbalance of doctors is due to a lack of doctors. The number of doctors per 1000 people in Korea is 2.2, ranking 24 out of 33 OECD member countries (3.3 on average). The annual number of medical service cases per doctor in Korea is 6732, which is the highest among OECD countries with average of 2277 cases. However, the number of medical students stayed at 3058 per year for 9 years from 2007. In addition, the doctor shortage is intensifying in some departments including neurosurgery, and doctor demand would also increase as 80-hour workload per week for residents is mandatory. It is argued that it is difficult to obtain a doctor in the rural area because there is not enough doctor supply compared to demand 2) . The opinions from medical field are different. If we increase the number of doctors according to the prediction of the number of doctors without consideration of the decrease in the fertility rate, it would be an oversupply in 2030s. Rather than increasing the absolute number of doctors, it is more important to even out the regional distribution. In particular, neurosurgeon is difficult to open a hospital and perform primary healthcare services, because advanced medical equipment and medical system are required. For these reasons, there are some opinions that the construction and qualitative management of large-scale national hospital in rural area is very crucial. The concentration of doctors in urban areas is a common phenomenon in OECD countries 16) . The reasons are that the professional services like operation are concentrated in urban areas and the doctors prefer to work in the cities rather than rural areas. However, Korea, along with Japan, has a relatively smaller difference in doctor density between urban and rural areas than other OECD countries.
Studies on the demand and geographical distribution of neurosurgeons were conducted at an interval of years in the United States and Europe, and the problem has been pointed out that neurosurgeons who are able to treat neurosurgical emergent diseases are increasingly concentrated in some large institutions 1, [4] [5] [6] [7] 11, 14) . However, in Korea, such studies have been led by government affiliated research institutes, and there has been no research or approach from the perspective of neurosurgeons. Other OECD countries have been involved in a number of policy interventions to resolve regional imbalances in doctors 16) . The first is financial incentives. Canada, the United Kingdom, and New Zealand governments pay extra to doctors working in rural areas. Additionally, Australia, Canada, and the United Kingdom support the doctors who start their career in rural areas by providing them the initial cost for opening or transferring from urban to rural areas 15) . Although these financial incentives have been successful increasing the number of doctors in rural areas to a certain extent, but it is unclear whether it is more cost-effective than education or regulatory policies. The second is the medical education policy. Australia operates a program that offers special admissions and scholarships to medical students from rural areas, which has been effective in inducing doctors to work in rural areas 3) . In addition, Australia, Canada, Greece, and the United Kingdom have inclusion of mandatory experience in rural areas in medical school education curriculum, allowing medical students to have experience in diverse environments and acquire necessary knowledge and skills for medical care in rural area 9) . Norway, Sweden, and New Zealand have established medical schools in rural areas, attracting more students from rural areas and providing more training experiences in rural areas 9) . The third is the regulatory policy. Australia and Austria are limiting the number of payments to doctors by region 8) . Germany and the United Kingdom restrict doctor practice in oversupplied areas, such as not issuing a license in areas where a set number of doctors proposed by the regional health plan is exceeded 17) . This study has some limitations. First, this research was carried out based on the administrative district. It is ambiguous whether the division of administrative district reflects the actual living area of the local inhabitants. In addition, as the development of traffic and roads, the measurements of medical accessibility is unclear as to the classification using administrative districts, and it was overlooked that the influence was different depending on the size of hospitals by region. Second, the qualitative level of individual neurosurgeons was not reflected in this study. Medical institutions with low economic levels are small-sized and difficult to invest in personnel and equipments. Therefore, there is a difference in the level of facilities provided and the quality of medical services provided to patients. Third, the distribution of sub-specialties was not reflected. Currently, most neurosurgeons specialize in detailed areas, and it will be further necessary to analyze the regional distribution of neurosurgeons with subspecialty.
CONCLUSION
The number of neurosurgeons in Korea is steadily increasing. However, the distribution of neurosurgeons remains uneven and continues to be concentrated in urban areas. This phenomenon affects the quality of treatment and prognosis of neurosurgical diseases in underprivileged patients. It is time to effectively arrange the appropriate supply of neurosurgeons, allocation of medical resources and personnel, and provision of neurosurgical services to remote areas. A monitoring system should be established for a proper supply of health care resources and resolution of regional disparities. Establishing the construction and qualitative management of large-scale national hospital in rural area could be another alternative. First of all, it is necessary to accurately understand total amount of neurosurgical demand and the distribution of neurosurgeons by region and by sub-specialty, in order to solve the inequality of spatial and temporal accessibility to neurosurgical care.
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